Since the introduction of the first National Arthroplasty Register in Sweden in 1975, many other countries have tried to adopt the successful Scandinavian system. However, not all have overcome the political and practical difficulties of establishing a working register. We have surveyed the current registries to establish the key factors required for an effective database. We have received detailed information from 15 arthroplasty registers worldwide. The legal conditions under which they operate together with the methods of collection and handling of the data differ widely, but the fulfilment of certain criteria is necessary achieve a high degree of completeness of the data to ensure the provision of statistically relevant information.
The first arthroplasty register was introduced in Sweden in 1975. 1 Other Scandinavian countries followed shortly afterwards ( Fig. 1) gathering information regarding survival rates of implant systems used nationwide. By identifying poorly-performing implants or operational procedures, hospitals were able to change their surgical practice and choose the best products for their arthroplasty surgery. As a result, the burden of revision procedures has decreased significantly in Sweden. 2 Many other countries have tried to adopt the Scandinavian system, but the establishment of a register requires the management of political and practical challenges. 3 Some countries managed to set up fully working registers within a few years, 4, 5 achieving a high level of completeness of the national data, which is essential for useful and reliable registers. [6] [7] [8] Others have not been able to achieve the same success, with their registers covering only part of such data. 9, 10 The German Arthroplasty Register 10 had to suspend its work because of the low rate of participation and the resulting financial problems.
What determines the success or the failure of a registry? Malchau et al 11 noted that a national identification number plays an important role. Havelin et al 12 emphasised the need for a simple reporting system with continuous feedback to the surgeons. However, the Swedish and Norwegian registers have had over two decades to set up their powerful research instruments. For some currently in development, key factors are still missing.
We have carried out an international survey to assess the differences in the various approaches in setting up a national register and to analyse the requirements for the establishment of an effective database as a source for scientific analysis.
Materials and Methods
Registers established more recently differ considerably in their state of development. We have focused on those considered to be fully operational with an established structure and organisation. Registers might be expected to have a validated completeness of more than 90% of the national data. However, only a few are yet able to achieve this. We also examined those which had a completed structure but did not have appropriate validation of their data or were not able to collect more than 90% of this information. Other registries still in development are considered as established but without a fully implemented organisation and structure.
We undertook an extensive literature and web search regarding the organisation, documentation, data handling and output of a register. Subsequently, a standardised questionnaire was sent out to the registers asking them to validate the preliminary information. The questions included the funding of the register, its maintenance, how the data was collected and entered into the database and if the hospitals and public receive regular feedback. The responses were checked, and, if necessary, further information was requested via phone. The answers were categorised and summarised (Tables I and II) . 2, 4, 5, [13] [14] [15] [16] [17] [18] 
Annotation

Results
All the 15 arthroplasty registers whom we approached returned the completed questionnaire. They were analysed under the headings of organisation, documentation, data handling and output. Organisation. The majority of registers are maintained by national orthopaedic associations. Others are driven by government institutions, as in England and Finland, or work in close conjunction with federal health authorities, as in Canada. Most are financially supported by government institutions such as national districts or health agencies. Other funding sources can be by membership fees of the orthopaedic societies as with the Swedish elbow registry, by grants in the case of the Swedish Knee registry or by levies placed on the sale of implants as in England. In several cases, two or more of these sources are needed to balance the annual budget.
The rate of participating hospitals can reach up to 100%, although in most countries participation is voluntary. In Finland, partly in Denmark and in Slovakia, hospitals are required to take part by government decree. In Romania, there is no legal obligation for the hospitals to participate, but they receive financial support from health insurers if they do.
The health systems in most countries offer a unique patient identifier which is assigned to each inhabitant. Only in Switzerland do privacy issues prevent implementation of these unique patient numbers.
The consent of the patient is mandatory in six of the evaluated registries. In Australia, consent is obtained using the 'opt off' approach where patients would have to ask not to be put on the register. Finland, New Zealand, Norway and Sweden record information on other joints, mainly the shoulder, elbow and ankle, but some also include finger and toe joints. In general, the dataset consists of patient identifiers, with the name, date of birth and gender, hospital identifiers and basic surgical data including the date of operation, the diagnosis, the surgical procedure and the implants used.
Three registers collect clinical scores as part of the standard registration. Others, such as in Switzerland, offer clinical scores optionally, for example when additional studies are being undertaken. Patient-based questionnaires are included in four registers. In New Zealand, the Oxford hip, knee and shoulder, and non-validated questionnaires for the elbow and ankle, are used for postoperative follow-up. The Swedish shoulder registry has started a five-year follow-up by mailing self-evaluating questionnaires (Western Ontario Osteoarthritis of the shoulder 19 index, Euroqol-EQ5D). 20 They have also launched a pilot scheme using the same scores before and one year after operation. The Swedish elbow registry plans to use the Disability of the Arm, Shoulder and Hand score for the five-year follow-ups. 21 In Romania and Switzerland information concerning the radiological findings are collected as part of the post-operative followup. Data handling. The registries offer one or more method of documentation and the hospitals can choose which is the most suitable for their daily routine. The paper-based method is available in nearly every register while online access or other types of electronic data transfer is not offered by all.
Only in England do hospitals have to use electronic systems to transfer the collected data; either via a web interface or using the bulk upload facility. Paper forms can be used as proformas, helping to collect the required information before being entered electronically.
The extraction of data from the hospital or theatre information systems is only offered by two registers, although other registers are conducting trials of this method and will offer it as standard procedure in the near future.
Details of the implant can be documented in different ways. Either the information is obtained by manually marking the corresponding category in a given list of attributes or it can be integrated into the theatre information system by using the implant tracking method. Outcome. Surgeons receive regular feedback from the registers in nearly all countries and results are published as annual reports or scientific articles in orthopaedic journals. Only a few registers allow surgeons online access to their data.
Discussion
Organisation. Who should be responsible for the maintenance of a register; the government or the national orthopaedic association? The survey showed that national registries can be successfully maintained by either the orthopaedic association or the providers of health care, but full support is needed from both sides.
The most effective help which can be offered by government is financial support. The register has to have guaranteed finance and without this it will founder, as shown by the German arthroplasty register. 10 This was funded from contributions of members and grants from the 
* H, hip; K, knee; S, shoulder; E, elbow; A, ankle; +, yes; -, no † P, paper; D, data file; W, web; O, optimal mark reader; CIS, clinical information system; M, manual; E, electrical implant industry. After struggling with many organisational problems over a long period, the funding could no longer sustain the running costs and the register was eventually closed down. Other registers, such as the Danish Hip register and the Canadian register also had financial problems in their first year until the national agencies recognised the potential value and subsequently paid the annual costs. 4, 13 The newly-developed registries in Romania, Slovakia and England attached great importance to public financial support from the beginning in order to avoid such experiences.
Federal support can be helpful in other aspects. 3 The availability of a unique patient identifier, which applies through the whole population is one of the key features contributing to the success in Sweden 11, 22 where patients can be identified by their social security numbers. Other countries use National Health index numbers or civic registration numbers. Registers must be able to easily identify patients undergoing revision operations and to link this data to their primary procedure, even if this was carried out in a different hospital.
However, not every country can rely on these unique patient identifiers because of confidentiality and issues with privacy of data. In Switzerland, the introduction of identification numbers has been put on hold pending the introduction of appropriate laws. As a consequence, their registers have to fall back on nonspecific medical record numbers which do not allow for clear identification of an individual case. In Germany, the failed arthroplasty register also had to use an alternative way to link the cases since the nationwide patient insurance numbers, due to be implemented with the introduction of the electronic health card, were not available during this period. They had to use an encrypted combination of the initials of the patient, the date of birth, the operated side and other details to satisfy the data protection requirements. This complicated the work and the tracing of patients proved nearly impossible.
National patient identifiers can be extremely valuable when validating the fundamental completeness of the data in the registry. The completeness of the data can be checked by comparison with other databases such as the National Institute for Hospital Research in Sweden, 23 or the National Patient Register in Norway. 24 It can also be checked by analysis of the local hospital records 7 or from patients using questionnaires. 25 Information can be obtained from the manufacturers as to the numbers of implants sold. 18 Completeness of the national data can be compromised by the need for the patient's consent. In several countries, patients are requested to sign a consent form when their personal details (first name, surname, date of birth, National Health Service (NHS) number, home address, postcode) are stored in the database. In 2003, the English arthroplasty register could obtain patient consent for only for 62.8% of all procedures entered. 26 The Canadian register also struggles with patient consent which is missing from approximately 10% of forms received. 13 Federal support is required to enact appropriate laws which make participation obligatory for all hospitals, as is seen in Finland, Slovakia and Denmark. This should lead to an almost complete rate of participation. Refusing to follow such laws could lead to a fine. Hospitals can be encouraged to participate using monetary pressure. In Romania, hospitals which do not fully register all their arthroplasty operations face a reduction in government financial support.
The full support of the national orthopaedic association is necessary, since surgeons bear the major burden of filling out the documentation forms. Their agreement as to the activities of the register, the analyses and the reporting is vital. The Swedish hip register is directed by an independent, professional committee 2 and ensures the support of the surgeons. When driven by government institutions only, complaints about the lack of orthopaedic influence will arise. In a recent audit, consultants in England doubted that their interests were recognised well enough in the British Joint Registry and they demanded a higher representation on the steering committee. 27 In the end, it needs the full compliance of all national orthopaedic surgeons to co-operate and agree to reach the highest possible participation rate.
11
Since both parties profit from having a national arthroplasty register and from sharing the information concerning outcomes, the interests of all have to be respected. An appropriate composition of orthopaedic surgeons and federal representatives on the steering committee has to be found to satisfy everyone's needs. The amount of money which the national health agencies spend on setting up and running a register stands in sharp contrast to the potential savings of a register in the long term. This can be seen from the Scandinavian registers which have shown a considerable financial impact because of a decreased number of revision operations. 2, 28, 29 Estimations of potential savings by using a register established in the United States progressing in the same way. 3 If the revision burden of hip replacements can be decreased by 5%, savings of more than $30 million are expected for their general health system. Thus, it is hard to understand why some of the newlydeveloped registers have to struggle to receive their annual budgets. Documentation. The main goal of every register is to measure the outcome of joint replacement. In order to do so, the revision of an implant is set as the endpoint of failure, calculating the survival rate according to Kaplan-Meier survival analysis. 30 However, an unrevised prosthesis does not necessarily indicate a good outcome. Many studies have been performed describing this discrepancy between the number of revised patients compared with the failure rate measured either by clinical and radiological scoring systems or by patient-orientated outcome measurements. 1, 23, [31] [32] [33] There are many reasons why revision surgery is not carried out despite significant symptons. 33 The patient or the surgeon might be unwilling to do the revision because of the age and potential comorbidities of the patient. Long waiting lists might also be responsible for delays in operations. Thus, good survival rates may be described despite many failures. Additional information is needed to assess arthroplasty surgery. Additional information is needed to assess arthroplasty surgery in a more sensitive way. 23, 34 Evaluating the failure rate should make use of soft data with information about pain and function as well as hard data such as revision. 35 This development has been encouraged in Sweden and the integration of patient-reported outcomes into the Swedish hip register is of high priority. 36 As this survey shows, many registers have started to implement additional related outcome measurement through patient questionnaires. Self-administered scoring systems, both disease specific and general health-related, have become very popular since patients have been shown to be very co-operative in this field of research. 23, 25 This method seems to be much easier to integrate into a register than collecting information from clinical and radiological analysis. In the early years of the Swedish Knee register, 16 a clinical evaluation and radiological analysis was performed at certain follow-up times. Later, this was abandoned because of the higher burden of documentation. 16 This extra workload for clinicians has a negative effect on their compliance and subsequently, the quality of the data suffers.
When collecting data from patient questionnaires or from clinical and radiological information, the handling must be as simple and precise as possible. If the amount of collected information has a negative effect on the completeness and accuracy of data, a smaller but more complete amount is preferable.
Data handling. Different methods are used to handle the data between the registries themselves and between hospitals within the same registry. However, the survey and the information available in the annual reports showed that data is increasingly bring transferred electronically. Now 34% of hospitals in Denmark 37 and 70% in Sweden use this method. 38 The advantage of electronic documentation is that it allows the integration of completeness and validation checks during the submission of the data. Invalid and incomplete forms are not accepted by the corresponding interface. This guarantees high accuracy and enhances the overall quality. Lost or illogical data can easily be retrieved and monitored.
The data may be exported directly out of the hospital or theatre information system. The minimum data set required for a functional registry is available in the hospital notes, already used for billing purposes. The clinical data then needs only to be entered once, the double entry of information can be prevented and the data is easily traceable. This model of sending the registry data is currently being developed by some registries and is already used in England and Denmark.
The information recorded needs to be precise in order to evaluate each component of the arthroplasty. However, because of the broad variety of implants and their speed of evolution, most documentation forms contain only a simplified list of categories which attempt to summarise all available components, materials or sizes of implants. However, some registers simply enter or scan the implant code or lot number of the implant details at the time of surgery. Afterwards, these numbers can be decoded to enable access to details of the implant, enabling efficient collection of a comprehensive amount of the information.
Nevertheless, paper documentation remains inexpensive and useful and is easily integrated into the workflow of Chart demonstrating the key factors for a successful national arthroplasty registry (NAR).
hospitals. An improvement is the use of the optimal marker reader scanner that dispenses with keying in by hand. The Scandinavian registries have shown that high recovery of information is possible with a simple reporting system, even in paper form. 15 However, the number of arthroplasties has increased over the past decades. 2 The need for a more precise evaluation of outcome implies that even more information is collected. Hence, a simple but accurate registration system is needed to handle this. Outcome. When registries are running efficiently, a high completeness of documentation data can be achieved which provides statistically relevant information for many interest groups. Surgeons are the major contributors supplying the register with the fundamental data. Their participation is mostly voluntary and therefore continuous feedback is needed to help motivate and improve their compliance, which again has a positive effect on the quality of the data. The registries, 12 in turn, offer surgeons a range of services. These generally comprise regular feedback with statistical interpretation of their results and individual information on the quality of the surgery performed locally. In addition, surgeons willing to perform further studies with their own data can be helped by statistical assistance.
The sharing of information on outcomes allows individual hospitals to compare their results with national averages. As a result, units with poor outcomes will improve.
Information concerning outcome needs to be available to the general public. This is made available in annual reports. However, confidentiality has to be guaranteed for the individual surgeon. This is considered as one of the reasons for the success of the Scandinavian registries. 15 The public exposure of the outcome of surgery is assumed to result in a denial of surgical treatment to high-risk patients. 39 Another consequence might be a lower compliance of surgeons to fill out the forms correctly. Therefore, most registers publish the results of the hospitals anonymously, although providers of health care are understandably interested in variations of outcome between hospitals.
Registers may also present the results on the performance of individual types of prosthesis and cement in international orthopaedic journals and conferences. It takes some years for registers to gather statistically analysable data, and therefore conclusions presented from recently-developed registers have to be regarded with caution.
Only half of the current registries make their data available to the surgeons. This right should be guaranteed, especially to hospitals which collect the data on paper forms and do not have an electronic file of their outcome measurements. Open access to their own data gives information which can be used for clinical studies within the department. Summary. A national arthroplasty register can offer a huge benefit to surgeons, manufacturers, those funding health care and to patients. However, several key factors need to be taken into consideration when planning and implementing such a database (Fig. 2) . It needs support from the national orthopaedic association and from the government or the public health system. Only then can the appropriate framework be realised. The registries have to be careful when organising documentation. A decision has to be made about the endpoint of failure and whether clinical, radiological or patient data should be included in the outcome measurement. Appropriate tools should be available to make the reporting simple and valid. The data gained can be used in many ways resulting in an overall improvement for patients, surgeons, and providers of health care. 13 
